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Abstract: Spain’s high winter weather-associated death count, the second largest in Europe, can be
attributed primarily to the low construction standards of its social housing, particularly the stock
built prior to the entry into effect of the earliest statutory provisions on envelope quality. Hence,
improving building envelopes to both reduce energy consumption and raise occupant comfort levels
is important. Air leakage is one of the factors with the greatest impact on indoor comfort and domestic
energy consumption. This study explores the sensitivity of energy consumption to that parameter
in a series of types of social housing built between 1950 and 1979 in five Mediterranean climate
zones. Demand in a total of 53 housing units located in 21 developments was simulated to that end.
The findings show that air permeability has a significant effect on wintertime demand in the sample
studied. Although the impact is greater in the more severe climates where it is estimated to be over
10 kWh/m2, it may also affect energy consumption in mild climates.
Keywords: airtightness; residential buildings; blower door test; air infiltration; southern Europe;
energy demand
1. Introduction
Spain is the European country with the second-highest number of winter-related deaths [1].
That statistic is due primarily to poor construction standards, especially in low-income housing with
no environmental control systems. Envelope airtightness or uncontrolled indoor–outdoor air exchange
is one of the key variables in residential energy consumption and comfort.
The method most commonly accepted by the scientific community to assess airtightness is the
blower door test. A number of studies have been conducted on airtightness in single-family homes
in northern Europe [2–6] and the United States [7–9] over the last three decades. It has also been an
emerging field of research over the last 10 years in southern Europe, Spain included [10–14], where
the Infiles research project [15] presently underway has been enlarging the country’s airtightness
database [16–20] using a standardised measuring protocol to ensure comparability of the findings.
Most of the literature quantifying the energy demand associated with infiltration reports on
conditions in northern Europe, where the energy impact of air infiltration on heating demand is
estimated to be in the order of 10 kWh/m2 in moderately cold regions (2500 degree-days at 20 ◦C) [21].
This question has been scantly studied in Spain, however, although some research has been conducted
in mild [22] and continental-like climates. In one study, the energy impact of infiltrations was assessed
using a simplified model (Equation (1)) based on the degree-day concept that relates the mean outdoor
to the indoor comfort temperature (21 ◦C for heating and 25 ◦C for cooling). While actual energy
consumption depends on the specific temperature prevailing in any given dwelling, this theoretical
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model can be used to determine the impact of air inflow, specific air capacity, and the indoor–outdoor
temperature difference on energy demand in the locations where the tests are performed [18]. Meiss
and Feijó [23], analysing 13 housing units in northern Spain, were the first to address the subject from
an energy perspective. They estimated the impact of infiltration on energy demand in housing built
on the existing technical building code [24] to range from 10.5% to 27.4%; in units constructed under
the former code [25], from 21.9% and 27%; and in those dating prior to 1979 but retrofitted by their
occupants, from 11.3% to 13%:
Qinf = Cp · Gt · Vinf (1)
where
Qinf is the annual air infiltration-induced energy loss (kWh/year) for heating QinfH and cooling
QinfC, expressed per unit area;
Cp is the specific heat capacity of air, assumed to be 0.34 Wh/m3·K;
Gt is the annual degree-days (kKh/year), assuming a baseline comfort temperature of 21 ◦C for
heating (GtH) and of 25 ◦C for cooling (GtC); and
Vinf is the air leakage rate (m3/h).
The conclusion reached was that losses attributable to air change are relatively greater in
multifamily than in single-family detached housing and are becoming more important in better
insulated buildings [26].
This study aims primarily to analyse the vulnerability to air leakage of the envelopes of social
housing built prior to entry in effect CT79, Spain’s first legislation on the subject [24]. This aspect is
very important for the cost-optimal analysis applications in Europe since the Energy Performance of
Buildings Directive (EPBD) recast [27].
2. Materials and Methods
2.1. Characterisation of Social Housing and Sampling
A study of social housing typologies and characteristics in southern Spain [28–30] laid the ground
for stratified random sampling and the definition of a sample on which to conduct building envelope
airtightness tests and energy demand simulation. The attribute defined for stratification was the one
deemed to have the greatest potential to induce differences [17,31] in the construction solutions adopted
for building envelopes: area-dependent climate [29]. The parameters involved were regarded to
possibly play a role in determining envelope performance, once the geometric parameters routinely used
and regional construction particularities were identified and further to the characteristics determined
for the overall and regional housing stocks. A total of 21 multi-owned housing developments were
selected as particularly representative of low-income buildings. The location, year of construction
and morphological characteristics of these developments are given in Table 1, a description of their
envelopes in Table 2, and their geometry in Figure 1.
The simulations were run using the envelopes found to be specific to each façade model and
building type in earlier analysis and classification studies [29,30]. The representative models identified
included three types of façade enclosures, two variations on the F1 model and one F2 model, as listed
in Table 2. Envelopes were defined on the grounds of their specific mass, constructional composition,
energy parameters of the materials and reflectivity and emissivity of the outer façade surface.
The variability among enclosures was narrow, for most of the housing built in the period fluctuated
between several of those established, as discussed in [29]. The wider range of variation identified in the
roofs was factored into the definitions of the building energy models. Briefly, the procedure involved
differentiating the buildings on the grounds of their constructional characteristics, morphology and
geometry (opening-to-blank wall, wall-to-floor ratios and similar), location and airtightness to mirror
actual behaviour as accurately as possible.
Energies 2019, 12, 1677 3 of 14
Table 1. Year, climate zone and morphological characteristics of sample dwellings.
ID Year Climate Zone City
Floor Area Volume Façade Area Window Area
Façade Type
(m2) (m3) (m2) (m2)
P01 1954 A3 Cádiz 62 155 44 10 1
P02 1968 A3 Málaga 51 131 34 9 2
P03 1971 A3 Cádiz 67 161 37–53 8 2
P04 1972 A3 Cádiz 64 160 38 9 2
P05 1974 A3 Cádiz 55 138 40 8 2
P06 1976 A3 Málaga 106 263 73 14 2
P07 1978 A3 Málaga 51 127 59 10 2
P08 1966 A4 Huelva 46 105 38 6 2
P09 1969 A4 Huelva 57 144 58 14 2
P10 1970 A4 Huelva 95 212 51 13 2
P11 1961 A4 Huelva 45 109 35 5 1
P12 1951 B4 Seville 46 127 38 7 1
P13 1963 B4 Seville 58 140 38 6 1
P14 1964 B4 Seville 59–73 161–199 79–92 09–10 2
P15 1965 B4 Seville 49 110 49 13 2
P16 1970 B4 Córdoba 53 127 36 9 2
P17 1973 B4 Córdoba 64 159 43 10 2
P18 1978 B4 Seville 72 179 65 19 2
P19 1959 C3 Granada 65 162 67 12 1
P20 1964 C4 Jaén 56 143 33 8 1
P21 1967 C4 Jaén 55 136 38 7 2
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Table 2. Envelope characteristics.
Composition Transmittance U(W/(m2K)) Solar Factor
Façades
F1: 1.5 cm cement mortar; 6 inch (11.5 cm) or 12 inch (23 cm) perforated
metric brick; 1 cm plaster surfacing 1.56–1.29
F2: 1.5 cm cement mortar; 6 inch (11.5 cm) perforated metric brick; 3 cm
to 5 cm non-ventilated air chamber; 5 cm hollow brick; 1 cm
plaster surfacing
1.39
Partitions 1 cm plaster surfacing; 6 inch (11.5 cm) perforated metric brick; 1 cmplaster surfacing 2.05
Floors/ceilings 3 cm tile flooring; 2 cm cement mortar; 25 cm brick infill betweenone-way beams; 1.5 cm plaster surfacing 1.58
Windows Aluminium frame with no thermal bridge break; single 6 mm glass pane 5.81 0.82
2.1.1. Location and Climate
Although the region of southern Spain known as Andalusia has a Mediterranean climate, several
sub-zones can be identified, from areas characterised by cold winters (Granada) to others with temperate
weather year-round (Almería). More detailed information on the climate zones envisaged in national
energy performance legislation is given in [32]. The present study covered the five climate zones most
representative of Andalusia, ranging from very mild (zone A) to cold (zone C) winters and warm
(zone 3) to hot (zone 4) summers. Separate predictive models were developed for each climate zone.
The mean, maximum and minimum temperatures on record for each zone are given in Table 3.
Table 3. Mean (T), maximum (TM) and minimum (Tm) temperature by climate zone.
Month 1 2 3 4 5 6 7 8 9 10 11 12
A3
T (◦C) 12.1 12.9 14.7 16.3 19.3 23.0 25.5 26.0 23.5 19.5 15.7 13.2
TM (◦C) 16.8 17.7 19.6 21.4 24.3 28.1 30.5 30.8 28.2 24.1 20.1 17.5
Tm (◦C) 7.4 8.2 9.8 11.1 14.2 18.0 20.5 21.1 18.8 15.0 11.3 8.9
A4
T (◦C) 12.6 13.3 15.1 17.0 19.7 23.5 26.1 26.7 24.2 20.4 16.4 13.8
TM (◦C) 16.9 17.6 19.6 21.4 24.1 27.9 30.5 31.0 28.4 24.5 20.5 17.9
Tm (◦C) 8.3 9.0 10.6 12.5 15.3 18.9 21.7 22.4 20.0 16.3 12.3 9.6
B4
T (◦C) 10.9 12.5 15.6 17.3 20.7 25.1 28.2 27.9 25.0 20.2 15.1 11.9
TM (◦C) 16.0 18.1 21.9 23.4 27.2 32.2 36.0 35.5 31.7 26.0 20.2 16.6
Tm (◦C) 5.7 7.0 9.2 11.1 14.2 18.0 20.3 20.4 18.2 14.4 10.0 7.3
C3
T (◦C) 6.5 8.5 11.4 13.3 17.2 22.3 25.3 24.8 21.1 16.0 10.6 7.6
TM (◦C) 13.0 15.4 19.0 20.6 25.0 31.0 34.8 34.2 29.4 23.2 17.0 13.4
Tm (◦C) 0.0 1.6 3.8 6.0 9.4 13.6 15.7 15.5 12.8 8.7 4.2 1.7
C4
T (◦C) 8.6 10.3 13.1 14.5 18.2 23.7 27.6 26.9 22.8 17.9 12.3 9.5
TM (◦C) 12.1 14.0 17.4 19.0 23.2 29.4 33.7 32.9 27.7 21.9 15.7 12.8
Tm (◦C) 5.1 6.6 8.9 10.0 13.3 18.1 21.4 21.0 17.8 13.8 8.9 6.3
2.1.2. Airtightness
Dwelling envelope airtightness was measured with the standard blower door test implemented as
described in [12]. The tests were conducted for an airtightness value of 50 Pa with a Minneapolis Blower
Door Model 4 facility featuring ±3% accuracy and an operating range of 25 m3·h−1 to 7800 m3·h−1.
Measurements were taken at pressures ranging from 20 Pa to 70 Pa at 5 Pa intervals further to the
procedure described in the Spanish and European standard UNE EN 13829:2002 [33]. Airtightness was
measured at an infiltration rate of 50 Pa in a total of 53 units located in the 21 developments studied.
The mean V50, n50 and q50 values and respective standard deviations listed in Table 4 are discussed in
greater detail in [34].
Blower door test values were used to calibrate the models and determine the mean value for
subsequent analyses. Vinf was calculated from the test values at a pressure difference of 50 Pa. As the
latter do not measure actual dwelling air leakage, however, they had to be converted to equivalent real
air flows. Estimating actual infiltration is a complex task, given that wind and temperature conditions
throughout the year are difficult to foresee and the test does not deliver precise air leakage data.
The Persily–Kronvall procedure [35], a simple, widely used model, assumes that permeability
at 50 Pa is linearly related to mean yearly infiltration (Equation (2)). Sherman [36] developed
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another simple approach (Equation (3)) from the LBL infiltration model for the annual infiltration
rate of detached houses in North America, introducing N, a correlation factor found as the product
of factors representing climate zone, wind shielding, house height and crack size. According to
extensive measuring undertaken in several European countries as reported by Dubrul in 1988 [26],
the denominator in Equation (3) ranges from 10 to 30, depending on building type, wind conditions
and leakage distribution.
Here, the value assumed was 20 because the sample consisted of multifamily housing with
uniformly distributed leakage, intermediate-sheltered exposure and a mean wintertime meteorological
wind speed of under 4 m/s.
n50 =
V50
20V
. (2)
ACH =
n50
N
(3)
where:
V is the internal air volume (m3);
V50 is the air leakage rate at 50 Pa (m3/h);
n50 is the air change rate at 50 Pa (h−1);
ACH is air change rate per hour at standard pressure (m3/h);
N is a correlation factor.
Table 4. Blower door test findings for V50, n50 and q50 (mean and standard deviation for each development).
Sample V50 (m3/h) n50 (h−1) q50 (m3/hm2)
No. Flats Mean SD Mean SD Mean SD
1 4 758 73.41 5.13 0.39 17.23 1.67
2 3 1.038 44.58 7.93 0.34 30.53 1.31
3 3 954 89.82 5.73 0.57 21.20 2.00
4 4 1054 198.87 6.58 1.01 27.74 5.23
5 4 951 142.52 6.89 1.03 23.78 3.56
6 1 1025 0 3.89 0 14.04 0
7 1 1675 0 13.14 0 28.39 0
8 3 807 296.11 7.68 2.82 21.24 7.79
9 2 1053 44 7.16 0.16 18.16 0.76
10 2 651 16 3.01 0.13 12.76 0.31
11 1 1277 0 11.62 0 36.49 0
12 1 1294 0 10.12 0 34.05 0
13 3 880 23.51 6.24 0.54 23.16 0.62
14 4 1184 440.68 7.32 1.92 14.27 5.31
15 3 1040 174.17 9.48 1.58 21.22 3.55
16 2 1564 139 12.3 1.09 43.44 3.86
17 1 1876 0 11.8 0 43.63 0
18 1 2624 0 14.68 0 40.37 0
19 2 830 50 5.11 0.31 12.39 0.75
20 4 925 371.56 6.46 2.59 28.03 11.26
21 4 929 226.03 6.8 1.65 24.45 5.95
Mean 985 154 7.5 1.04 25.55 2.57
2.2. Simulation
All simulations were conducted with three levels of airtightness: the airtightness measured for each
case plus building leakage rates of n50 = 0.2 h−1 and n50 = 1 h−1. Sensitivity analysis simulations were
conducted for 53 flats located in 21 developments, applying their actual exposure to wind conditions
(Figure 1). Most of the cases involved sheltered conditions, the type most commonly found in Spain
because multifamily dwellings are located primarily in town/city centres where they are surrounded by
trees and other buildings. Empirical leakage distribution data were used to calibrate the models.
Building energy assessments were performed for the three airtightness values using Design
Builder Essentials software (5.0.2.003) which delivered daily, monthly and yearly demand data for all
the case studies using Equation (4) (EN12831 [37]):
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ACH = 2·V·n50·τ·ε (4)
where
ACH is the air flow at standard pressure (m3/h);
n50 is the air change rate at 50 Pa (h−1);
V is the indoor air volume (m3);
τ is the wind exposure class (coefficient), determined from the façade exposure in each zone; and
ε is the building height class (coefficient).
An initial load analysis was performed for a mean air change rate per hour (ACH) of 0.35 h−1 to
establish the infiltration load component in the energy balance during cooling and heating periods.
The summation of the heat gains in summer and the heat loss in winter attributed to leakage was used
to find the mean by climate zone for the developments comprising the sample. The n50 values from
0.2 h−1 to 1 h−1 were used to develop the equations relating energy demand to n50 in the five climate
zones in Andalusia.
2.2.1. Operating Profiles
The operating conditions (Table 5) used to simulate the housing units were drawn from the
basic procedure for certifying building energy performance in effect in Spain and the energy savings
requirements laid down in the country’s technical building code (Annex C, basic document HE:
Gobierno de España, 2013 [25]). Those texts define the values for the following indoor parameters:
target and control temperature, occupancy, indoor loads, lighting and ventilation.
Table 5. Operating conditions set out in the basic procedure for certifying building energy performance
in effect in Spain and the energy savings requirements defined in its technical building code.
Item Value
Time of Day
Winter Summer
Occupancy 17.8 m2/person
00:00 to 07:00 100% 00:00 to 07:00 100%
07:00 to 16:00 25% 07:00 to 16:00 25%
16:00 to 23:00 50% 16:00 to 23:00 50%
Weekends and holidays: Weekends 00:00 to 24:00 100
00:00 to 24:00 50% Holidays 00:00 to 24:00 0%
Appliances and
lighting 4.44 W/m
2
00:00 to 08:00 10% 00:00 to 08:00 10%
08:00 to 19:00 30% 08:00 to 19:00 30%
19:00 to 20:00 50% 19:00 to 20:00 50%
20:00 to 23:00 100% 20:00 to 23:00 100%
23:00 to 24:00 50% 23:00 to 24:00 50%
Ventilation 4 h-1 00:00 to 24:00 0%
00:00 to 08:00 100%
08:00 to 24:00 0%
Air temperature Target
00:00 to 16:00 - 00:00 to 08:00
16:00 to 23:00 20 ◦C 08:00 to 23:00 26 ◦C
23:00 to 24:00 - 23:00 to 24:00
Winter: November to March
Summer: April to September
Operating conditions and occupancy profiles varied with the month of the year and day of the week
(weekday or weekend). Spanish legislation envisages night time ventilation of 4 h−1 in the summer months.
Winter was defined as the period from November to March and the rest of the year as
summer. Given the importance of climate zone in infiltration-induced energy demand, all five
zones were analysed.
The number of times the flats were ventilated, along with the duration and the time of day in winter
and summer, were determined for these buildings [38]. The conclusion reached was that the ventilation
rate in winter was very low—0.0 h-1 to 0.1 h-1—because windows were opened only minimally in that
season. This was supported by findings from a more extensive study conducted by Dubrul [26].
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2.2.2. Calibration
The model was calibrated by comparing the values calculated to actual empirical data and
adjusting for parameters such as airtightness, density and floor temperature as necessary further to the
ASHRAE standard 14-2002 [39] specifications. The control flats were used both to determine thermal
behaviour and calibrate the nodal model. Actual thermal and operational profiles were created by
extracting hourly values for the indoor parameters as in [40].
Mean bias error (MBE) (Equations (5) and (6)) and the coefficient of variation for the root mean
square error (CV/RMSE) (Equation (7)) were used to assess the differences between simulated and
observed hourly data:
MBE =
∑Ns
i=1(yi − yˆi)∑Ns
i=1 yi
(5)
YˆS =
∑Ns
i=1 yi
Ns
(6)
CVRMSE(S) =
√∑Ns
i=1
(yi−yˆi)2
Ns
YˆS
(7)
where
yi is the recorded data;
yˆi is the simulated data;
Ns is the sample size;
YˆS is the mean recorded data for the sample.
Calibration for model P13 during one week in winter is depicted by way of example in Figure 2,
which compares the simulated to the monitored indoor temperature (and ±0.5 ◦C error). The MBE and
CV/RMSE values for both lay within the range defined in ASHRAE 14-2002.
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3. Results and Discussion
The sensitivity of building energy performance to building airtightness is discussed below,
analysing the response separately for heat gain or loss, i.e., in cooling or heating regimes.
3.1. Overall Impact of Leakage on Energy Demand
The simulated monthly demand values normalised to unit floor area for climate zone B4 graphed
in Figure 3 show that heat loss in that zone was attributable more to infiltration than any other factor.
Similar findings were observed for the other zones.
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The demand values attributable to infiltration are graphed in Figure 4, normalised to unit floor area,
for both the cold and warm seasons. One of the most prominent observations was that the effect of air
infiltration was most intense in the winter and associated with heating needs. Leakage-related energy
requirements in winter were from 10 to nearly 40 times higher than in summer.
Heating demand values associated with leakage rose with the severity of the cold season.
The greatest negative balance recorded for all the models was observed in climate zone C3, with a
mean of −10.37 kWh/m2, nearly double the mean −5.18 kWh/m2 to −5.8 kWh/m2 observed for the
regions with winter climate severity A.
The summertime effect of leakage on demand was much smaller in absolute terms. As a rule,
in summer, the negative night-time demand offset the positive daytime demand, lowering the net
value or even generating a negative balance. That was observed in areas with milder summers (and
night time outdoor temperatures normally lower than the indoor values), such as in climate zone A.
The value of such offsets declined with the severity of summer heat (zone 4), with clearly positive
balances in the B4 climate zone, for instance.
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3.2. Energy Demand Sensitivity to Envelope Airtightness
The relative importance of leakage-mediated demand in housing is a variable in the formulation
f their cooling/heati g load structure. Gener lly speaking, th models used showed that housing
with thermal envelopes b t able to control he t flows were the ones that would be most sensitive to
changes in air flow rates, i. ., the relative increase in the total load would tend to rise the most where
transmission was weakest.
The slope of the curve for predicted demand—ACH rate proposed for each model—was used
to determine the variations in cooling/h at ng load and the predictions for different leakage values.
That procedure holds special promise, for it is directly applicable to predict the improvement potential
of envelope rehabilitation.
The correlation between leakage rate and energy demand for a given regime need not necessarily be
linear but may exhibit a certain tendency to grow asymptotically after a given ACH value. Nonetheless,
in the range normally found in the housing units analysed, it could be likened to a continuous linear
relationship. In other words, for the values routinely observed in building stocks, the relationship
between infiltration and demand can be fitted to a regression line. The slope on that line is indicative of
the relationship between the mean air exchange rate and the expected energy demand, while the other
components affecting demand are represented by the constant in the equation. The slopes calculated
by simulating housing heating and cooling demand for air changes rate per hour (ACH) of 0.35 h−1
and 0.55 h−1 are discussed below.
The slope values found for infiltration and associated demand leakage rate curves are shown
in Figure 5 for the five climate zones analysed. The slopes were flatter in climates with less severe
(zone A) and steeper in those with more severe (zone C) winters. The moderate slopes observed for
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zones A3 (15.97) and A4 (14.08) were an indication that the energy demand in those areas would be less
affected by changes in infiltration rate. In contrast, with a slope of 37.23 and a much wider standard
deviation, the climate zone C3 sample would be more sensitive to wintertime leakage.
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Figure 5. Energy demand vs n50 for five climate zones.
The values published for a similar study on detached housing in Finland [41,42] were higher due
to the difference in climate. In this study, with ACH values at around 0.35 h−1, the energy demand
ranged from 30 kWh/m2 to 51 kWh/m2 compared to 135 kWh/m2 to 195 kWh/m2 in Finland.
3.3. Predicted Proportion of Demand Attributable to Air Leakage
The model results for mean yearly energy demand attributable to leakage and its relationship to
total demand for the climate zones studied, assuming an ACH of 0.35 h−1, are shown in Figure 6.
As in the other values analysed, the peak was observed in climate zone C3, where leakage would
account for an annual demand in the order of 13 kWh/m2 or 25% of the total. The lowest values,
in turn, were again found for climate zones A3 (with 5.59 kWh/m2 and 18% of the total) and A4
(with 4.93 kWh/m2 and 15% of the total).
Equation (8) is established to predict energy demand for different leakage rates in the building
types analysed, delivers a rough estimate for the building stock in the Mediterranean area. The slope,
coefficient and standard deviation values are listed in Table 6.
DTOT = m· V5020·V + α (8)
where
DTOT is the total energy demand (kWh/m2);
m is the slope (value in Table 6);
V is the internal air volume (m3);
V50 is the air leakage rate at 50 Pa (m3/h);
α in the constant (value in Table 6).
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Figure 6. Mean yearly infiltration-induced energy demand (for ACH = 0.35 h−1), yearly mean total
demand, percentage of leakage-induced relative to total demand and standard deviation for total
demand by climate zone.
Table 6. Equation (8) parameters used to predict total energy demand from the air leakage rate by
climate zone.
Climate Zone Slope (m) Coeff. (α) SDm SDα
A3 15.97 25.47 1.9 6.1
A4 14.08 28.79 1.1 5.3
B4 21.97 30.97 2.0 6.8
C3 37.23 38.76 4.5 9.1
C4 32.21 38.64 2.1 8.3
This model is valid for social, multi-family housing in climate zones A3, A4, B4, C3 and C4
constructed in 1939–1979. The standard deviation for the slope ranged from 6.5% to 12.1% of the mean,
with the highest value observed in climate zone C3 where the highest wintertime demand was also
recorded. While the highest absolute standard deviation for the constant was also highest for zone C,
the percentage values relative to the mean (18.3% to 23.9%) were in line with those of the other zones,
inasmuch as total demand was higher.
4. Conclusions
In this study, airtightness categories were defined by determining and statistically analysing the
most prominent variables to establish energy scenarios based on the degree of airtightness in the
existing housing stock. The simulations showed building envelope airtightness to be linearly correlated
to energy demand at typical n50 v lues.
They further showed that the correlation between the tw pa meters f llowed a similar pattern
in all the developments within each climate zone characterised by the sam winter severity (A, B or C)
because wintertime air perm ability was the f ctor with the g eat st impact on energy demand.
Its effect was particularly significan in the most severe climates where it was predicted to account for
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upward of 10 kWh/m2, although values of >5 kWh/m2 were observed in more temperate zones such
as A3.
The inference is that infiltration induced 15% to 25% (ACH = 0.35 h−1) of the heating energy
demand in typical social housing built prior to Spain’s earliest legislation on building airtightness.
In most of the climate zones studied, improving envelope airtightness would translate into a mean
potential decline in energy demand of 5% per 0.1 h−1 reduction in the air change rate per hour (ACH),
with values of up to 7.2% in the colder areas.
The simulated results delivered by the simplified model described can be used to predict energy
demand for the existing housing stock from airtightness values. These parameters should not be
interpreted to be constant, however, for airtightness is a variable and, in most cases, a degenerative
process. Since much of the housing built to lower standards in the residential stock constituting the
population studied here is near obsolescence, identifying the units with the highest potential for
alteration of their energy balance due to a decline in envelope quality is particularly appropriate.
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